Functional neuromuscular stimulation (FNS) 
Introduction
Rehabilitation of the tetraplegic spinal cord injured (SCI) (4) (5) (6) (7) (8) (9) (10) . The (7, 8) , and Nathan and Ohry (9, 10) in Israel. These implementations have been limited to laboratory conditions to date, although a commercially available system has recently been developed (8) .
In individuals with C5 and C6 level quadriplegia, biceps and deltoid strength is preserved. They therefore can voluntarily manipulate their arm within a large workspace. Past and current research being done in Cleveland by Peckham, Keith, and others (4) (5) (6) (19) . In order to compensate for this, muscles used for hand grasp implementation are electrically exercised. This is done both prior to and after hand grasp setup, during times when the subject is not using the system (e.g., at night).
In some subjects, denervation of all the muscles of a given functional group may make it impossible to directly provide that function. (21) . Choice of grasp and on/off control is provided by a switch mounted on the chest. Other alternative control mechanisms can be used. These include switches mounted to the wheelchair that select slowly increasing or decreasing commands, wrist-driven controllers (for C6 level subjects), voice-recognition activation control (9, 22) and respiratory control (7, 8 (27) .
The stimulator is a microprocessor controlled device that allows for variation in control signal source, constant current, variable pulse width and interpulse interval stimulation, and rechargeable battery powering. Eight channels of stimulation can be controlled simultaneously. The device is small enough to be mounted on the back of or underneath a wheelchair (20) . [22] ), but these three groups have been the major contributors in the field to date.
Evaluation and Results
Assessment of subjects using an upper extremity FNS ncuroprosthesis can be performed at various levels. From a purely mechanical perspective, individual electrode force characteristics can be determined (28) . While this is useful in synthesizing grasp patterns, it does not provide (29) . The C5 level patients improved in their ability to move more of these six objects than did the C6 level patients. This was probably because the C5 patients' baseline level of hand function was considerably less than that of the C6 patients. The C6 patients showed functional improvement primarily in manipulating objects that required greater force.
The second test employs common objects (e.g., toothbrush, fork). Through objective testing, the common object test (COT) evaluates the ability of subjects to perform activities of daily living (30) (32) . ' Further refinement of the neuroprosthesis is underway on several fronts. FNS control of wrist function and pronation/supination in C5 subjects is under study. Control of elbow extension has already been developed (33) , and is awaiting further integration into the portable system. De 
